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to appear: depolarizing potentials, action potentials, and cellular
On the basis of these data a hypothesis can be proposed bursts. Increasing potassium or decreasing calcium also caused the about the function of the dentate gyrus in the propagation granule cells to depolarize and reduced their input resistance. No synchronized extracellular field activity was detected. Simultane-of epileptiform activity into and through the hippocampal ously increasing potassium and decreasing calcium caused cellular formation. Under normal conditions, the dentate gyrus has bursts to appear at concentrations recorded in vivo before the onset a very high threshold for the onset of seizure discharges of synchronized reverberatory seizure activity. (Fricke and Prince 1984; Stringer et al. 1989) . When an epileptogenic insult to the brain occurs, input to the dentate gyrus increases, resulting in a local increase in [ (Krnjevic et al. 1980; Lux et al. 1986 ; Although the membrane properties and seizure capabili- Stringer and Lothman 1989) . The changes in the extracelluties of the CA1 (Church 1992; Harkins and Armstrong 1992; lar environment initiate endogenous bursting properties laMason 1993) and CA3 (Anderson et al. 1990; Straub et al. tent in the granule cells, resulting in cellular bursts. Traynelis and Dingledine 1989) pyramidal cells of with the contribution of nonsynaptic mechanisms (Dudek et the hippocampus have been well studied, less is known about al. 1986), these bursts synchronize to produce the prolonged the granule cells of the dentate gyrus. In vivo, the dentate field discharges, which then propagate into and through the gyrus has been shown to sustain epileptiform activity con-hippocampus. The first test of this hypothesis is to determine sisting of bursts of large-amplitude population spikes. This whether the cellular bursts appear in ionic conditions that epileptiform activity can be initiated by stimulus trains to occur in vivo before the onset of synchronized epileptic the angular bundle (Somjen et al. 1985; Stringer et al. 1989) , activity. This hypothesis was tested in this study by varying CA3 region , and amygdala (Stringer the ionic concentrations in the perfusing solution and re et al. 1991) . The initiation of these granule cell paroxysms cording changes in the granule cells of the dentate gyrus. is an important step in the propagation of seizures into and through the hippocampus (Stringer and Lothman 1992a,b ; M E T H O D S Stringer et al. 1989) . Recently, prolonged field bursts in the Hippocampal slices were prepared by conventional methods dentate gyrus in vitro have been produced that appear quite (Stringer and Lothman 1988 ) from 60 adult Sprague-Dawley rats similar to the synchronized activity recorded in vivo (Pan (Sasco, St. Louis, MO, ) of both sexes. Principles of and Stringer 1996; Patrylo et al. 1994; Schweitzer et al. laboratory animal care (National Institutes of Health publication 1992). These prolonged bursts of large-amplitude popula- No. 86-23, revised 1985) were followed, as well as the specific tion spikes are produced by raising the extracellular potas-principles approved by the Council of the American Physiological sium concentration ([K / ] o ) to 10-12 mM and lowering the Society. Every effort was made to reduce animal suffering and to [Ca 2/ ] o to 0.5 mM (or by raising the potassium to 8 mM reduce the number of animals used. After the rats were anesthetized (ketamine 25 mg/kg, xylazine 5 mg/kg, acepromazine 0.8 mg/kg and using 0 added calcium). These field bursts in the dentate ip), the brains were removed and the hippocampus was dissected mM [K / ] o ). No activity was detected by the extracellular away from surrounding tissues. Hippocampal slices (450-500 mm) recording electrode at any time during these experiments.
were cut with the use of a vibrating tissue slicer (Vibratome) and Depolarizing potentials were recorded (Fig. 1A) (Fig. 1A, top) , but most of the depolarizing potentials recorded mM) 127 NaCl, 2 KCl, 1.5 MgSO 4 , 1.1 KH 2 PO 4 , 26 NaHCO 3 , 2 in a single cell were of the same amplitude and duration (Fig. CaCl 2 , and 10 glucose. All solutions were bubbled constantly with 1A, bottom). After 15-30 min in the test solutions, spontane-95% O 2 -5% CO 2 . Slices were allowed to equilibrate for 1-1.5 h before electrophysiological recording was begun. The concentra-ous action potentials appeared in all cells (Fig. 1B) . Five to tion of potassium was altered by changing the amount of KCl 15 min after the appearance of the spontaneous action potenwithout changing the other ions. The concentration of calcium tials, bursts of action potentials began to appear, which were was altered by changing the amount of CaCl 2 without altering the termed cellular bursts (Fig. 1C) .
concentrations of the other ions.
When the slice was perfused in the altered ionic solutions Recording electrodes were made of microfilament capillary thin-for longer periods, the bursts gradually lengthened ( was clearly separated from other action potentials by ¢60 Extracellular electrodes were filled with 2 M NaCl and had impedances between 4 and 10 MV. Bipolar stimulating electrodes con-ms of baseline DC potential. The durations of 10 consecutive sisted of twisted Teflon-coated tungsten wire (0.002 in. diam). bursts were measured to determine the mean duration of the One stimulating electrode was placed in the molecular layer of bursts for that cell. The mean duration was 188 { 86 (SD) the dentate gyrus to activate perforant path fibers and a second ms (n Å 6) in zero added calcium, 55 { 14 ms (n Å 7) in stimulating electrode was placed in the hilar region. Two recording 0.8 mM [Ca 2/ ] o , and 69 { 20 ms (n Å 10) in 8 mM [K / ] o . electrodes were placed in the granule cell layer of the dentate gyrus, The burst duration in zero added calcium was significantly one for intracellular recording and one for extracellular recording. different from the duration in the other ionic conditions The absolute membrane potential was determined after entering n Å 6) was not significantly different from that in the conthe cell and again when removing the electrode from the cell. trols (P ú 0.1). The shape of the cellular bursts was also Changes in the membrane potential were continuously monitored. different. When the slice was equilibrated in 8 mM [K / ] o , The membrane resistance was determined from responses to rectan-each action potential (after the 1st) appeared to arise from gular current pulses of {0.2 or 0.4 nA, passed through the intracel-the repolarization phase of the previous action potential ( the bursts had a more characteristic pattern with a depolarizing envelope and action potentials on top of this depolarizing potential (Fig. 1C, bottom) . groups were compared, they were signifibursts appeared was determined (Fig. 3A) . The same procecantly different. The input resistance in low calcium was dure was repeated on a second group of cells (n Å 14), but lower than that measured in 8 mM (n Å 6) were hyperpolarized back to 084 to 086 mV. This hyperpolarization slowed the rate of firing, but did not block the spontaneous activity. Together these data show that the spontaneous activity reported here is not simply a result of the depolarization induced by the ionic changes.
D I S C U S S I O N
One hypothesis about the role of the dentate gyrus in the propagation of seizure activity into the hippocampus suggests that the onset of cellular bursts in the granule cells is a precursor to the onset of synchronized activity. It is postulated that an increase in activity coming into the dentate gyrus increases [ (Krnjevic et al. 1980; Lux et al. 1986; Stringer and Lothman 1989; Stringer et al. 1989) (Ames et al. 1964; Heinemann et al. 1992; Lux et al. 1986; Morris 1981) . These blocking transmitter release from spontaneously active inhibitory interneurons, 2) depress the afterhyperpolarization estimates of the extracellular calcium may be slightly high. It has been suggested that buffering by bicarbonate and phos-through a decrease in the calcium-activated potassium conductance (Hotson and Prince 1980), 3) increase excitability phate reduce the free calcium concentration by Ç25% (Heinemann et al. 1992 ). This would mean that the free through an effect on surface charge density (Hille 1992), or 4) decrease the ability of the sodium-potassium pump to calcium concentration at which the membrane potential is affected is Ç0.9 mM.
clear the extracellular potassium, thus leading to an increased [K / ] o (Yaari et al. 1986 1984; Konnerth et al. 1986; Traynelis and Dingledine 1989) . High potassium concentrations alone can induce synchronized bursting in CA3-CA2 and prolonged seizurelike discharges in CA1 that can be detected with extracellular electrodes (Jensen and Yaari 1988; Rutecki et al. 1985; Dingledine 1988, 1989) . The relative role of potassium and calcium on the synchronization of the epileptiform activity in the dentate gyrus remains to be determined.
